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AMCPM-DR-T 

MEMORANDUM  FOR  RECORD 


SUBJECT:  Analysis  of  Exploratory  Drilling  Data,  RMA 


1.  An  exploratory  drilling  program  vas  initiated  at  RMA  to  gather 
specific  information  on  the  subsurface  system.  Fifty-four  bore  holes 
were  drilled  along  the  sections  shown  on  the  attached  map  (Incl  l). 

The  logs  from  these  bore  holes  (incl  2)  show  the  nature  of  the  sediment 
making  up  the  ground  water  table  aquifer,  the  depth  to  ground  water, 
and  the  depth  to  bedrock.  Subsurface  cross-sections  were  constructed 
from  these  logs  (Incl  3). 

2.  Bedrock  Conditions 

The  drilling  logs  show  that  the  bedrock  is  generally  composed  of  clay/ 
claystone  with  some  sand/sandstone.  In  bore  holes  IT,  18,  19,  and  20  a 
notable  quantity  of  sandstone  was  found  in  the  bedrock.  In  bore  holes 
17,  18,  and  19  the  sandstone  formed  the  top  of  the  bedrock,  in  bore  hole 
20  the  sandstone  was  covered  by  a  weathered  claystone.  In  all  cases  this 
bedrock  sandstone  did  contain  ground  water.  Sufficient  drilling  information 
is  not  available  to  determine  the  extent  of  this  bedrock  unit.  These  data 
do  indicate  that  it  is  possible  for  a  bedrock  sand  unit  to  be  hydraulically 
linked  to  the  water  table  aquifer.  If  such  a  bedrock  sandstone  were 
extensive  enough  it  could  act  as  a  confined  aquifer  obtaining  its  recharge 
from  the  ground  water  table  aquifer.  When  the  comprehensive  drilling 
program  is  undertaken,  detailed  logs  should  be  kept  on  the  bedrock  to  . 
determine  the  presence  and  extent  of  permeable  sandstone  units. 

3.  Aquiler  Sediment  Conditions 

a.  The  sediment  above  the  bedrock  was  a  clayey  silty  sand.  At  times 
some  lenses  of  clean  sand  were  encountered  but  these  units  were  not  extensive. 
Wells  drilled  into  this  type  of  sediment  do  not  yeild  sufficient  quantities 
of  water  for  pumping.  Also,  this  type  of  sediment  h£s  a  radius  of  pump  well 
influence  of  only  5  to  10  meters  (Jumikus,  1962)  .  If  conventional  pump 
wells  were  installed  the  maximum  spacing  would  be  5  to  10  meters  unless 
specific  aquifer  test  data  indicated  otherwise.  Thus,  with  the  data  currently 
available,  a  conventional  well  system  would  not  be  considered  adequate  to 
control  ground  water  flow. 


b.  A  pumping  trench  wilt  be  required  if  ground  vater  flow  is  to  be 
controlled.  This  trench  should  be  dug  across  the  aquifer  section.  The 
trench  would  be  backfilled  with  large  gravel  around  perforated  pipe.  The 
’  perforated  pipe  would  drain  to  a  collection  point  or  points  where  the 
water  would  be  pumped  for  containment/treatment.  .  The  placement  of  such 
a  pumping  trench  is  dependent  upon  ground  water  movement  and  the  concentra¬ 
tion  of  suspected  contaminants  in  the  system.  The  depth  of  the  trench  is 
dependent  upon  the  depth  of  contamination  in  the  system. 

U .  Subsurface  Cross  Section  Analysis 

a.  An  analysis  of  cross  sections  0-0‘,  P-P',  and  Q-Q*  taken  across  the 
bedrock  draw  south  of  Basin  C  show  that  the  bedrock  channel  narrows  and 
becomes  more  "V"  shaped  to  the  south  (X-Sec  Q-Q').  The  saturated  portion 
of  the  sediment  is  more  to  the  southwest  (left  side  of  X-Sections)  than 
indicated  by  the  USGS  map  data  (Konikov,  1975).  These  data  indicate  that 
ground  water  flow  coming  from  the  3asin  A  area  tends  to  flow  more  toward 

,the  west  and  northwest,  even  more  so  than  indicated  on  the  USGS  ground 
water  contour  map.  If  such  a  volume  of  ground  vater  is  moving  to  the 
northwest,  then  the  quantity  of  flow  to  the  northeast  from  the  Basin  F  area 
may  be  smaller  than  expected.  If  this  flow  is  not  small  then  some  other 
flow  conditions  may  be  sustaining  flow.  Currently,  not  enough  detail  in¬ 
formation  is  available  to  assess  these  flow  conditions.  These  conditions 
should  be  noted  and  further  evaluated  as  more  data  becomes  available. 

b.  Another  notable  feature  is  shown  on  X-Sections  P-P*  and  Q-Q'. 

Bore  holes  7  and  l6  were  drilled  immediately  northwest  and  southeast  of 
3asin  B.  The  ground  vater  table  in  these  holes  shows  the  capillary  rise 
associated  with  Basin  B.  Vater  stands  in  Basin  B  even  after  long  dry 
periods.  This  is  a  surface  expression  of  ground  vater.  Basin  B  vater  is 
also  augmented  by  surface  run-off  vater  principally  from  the  Basin  A  area, 
along  the  ditching  between  these  basins. 

c.  Bore  hole  12,  X-Section  Q-Q'  shows  a  depressed  ground  water  condition. 
This  depression  in  the  ground  vater  table  is  probably  due  to  increased  perme¬ 
ability  in  this  part  of  the  aquifer.  The  drilling  log  for  bore  hole  12  also 
shews  a  higher  sand  content  ’with  less  fines  indicating  a  higher  permeability. 
This  again  indicates  more  flow  on  the  southwest  side  of  the  aquifer  channel. 

d.  X-Section  R-R'  was  drilled  southeast  of  Basin  A.  The  complete  section 
has  been  broken  into  sub-sections  as  marked  on  Inclosure  1.  X-Section  R-RT^ 
shows  the  ground  vater  table  to  the  southwest  side  of  the  section.  This 
portion  of  the  section  is  close  to  Upper  Derby  Lake  and  indicates  that  in¬ 
filtration  from  the  lake  may  be  providing  a  good  portion  of  the  ground  water 
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recharge  in  this  area.  From  USGS  model  work,  Phase  I,  the  recharge 
attributed  to  the  lakes  and  industrial  activities  vas  determined  to  he 
55  GPM.  To  further  define  this  flov  quantity,  ground  vater  level  changes 
in  this  area  should  he  compared  to  lake  level  changes.  If  Upper  Derby 
Lake  is  the  principal  recharge  source  for  ground  vater  under  Basin  A,  the 
level  of  this  lake  should  he  kept  lov  to  reduce  the  flov  of  ground  vater 
under  Ecsin  A. 

e.  No  vater  vas  noted  in  the  remainder  of  X-Section  R-RT  ,  nor  in 
X-Section  RT^  -RT^.  X-Section  RT^-R'  contained  vater  in  bore  nole  39  vith 
indications  of  some  vater  in  bore  hole  40.  These  bore  holes  correspond  to 
the  lovest  section  of  the  bedrock  high  northeast  of  Basin  A.  Map  data  and 
JConikov's  chloride  model  vork  (incl  4)  indicates  that  this  part  of  the  bedrock 
high  could  be  flooded  by  ground  vater  from  under  Basin  A.  The  presence  of  vater 
in  these  borings  indicates  that  flooding  has  or  is  occurring.  Verification  of 
this  overflov  can  be  obtained  by  drilling  a  bore  hole  500  feet  northeast  of  bore 
hole  #39  (incl  4).  if  overfloving  of  this  bedrock  high  is  still  occurring,  a 
sample  of  ground  vater  from  the  verification  bore  hole  should  be  taken  for 
analysis.  This  analysis  vill  determine  if  any  of  the  contaminants  suspected 
in  the  Basin  A  area  are  moving  into  the  First  Creek  drainage  system  at  this 
point. 


f.  Cross-Section  S-S'  vas  taken  along  the  north  boundary  of  the  Arsenal. 
Tnis  section  shovs  a  depression  in  the  bedrock  surface  under  the  bog,  as  veil 
as  under  the  existing  First  Creek  channel.  If  contaminants  are  stratified  in 
the  ground  vater  system,  depressions  such  as  these  could  provide  undetected 
conduits  for  movement  of  contaminants.  A  lysimeter  system  should  be  placed 
near  the  location  of  bore  hole  50,  south  of  the  bog.  Lysimeters  should  be 
located  at  the  bottom  of  the  aquifer,  the  middle,  and  near  the  top.  Analysis 
of  these  samples  vill  shov  contaminant  movement  at  all  depths. 

g.  West  of  the  bog  the  bedrock  surface  forms  a  mound  vith  bore  hole  #47 
at  the  apex.  Comparison  of  the  vater  monitor  plan  DIMP  map  to  this  portion 
of  the  cross  section  shovs  that  the  highest  concentration  of  DIMP  coincides 
vith  the  bedrock  mound.  This  could  be  an  indication  of  stratification.  Also, 
the  ground  vater  contours  (Xonikov,  1975)  are  more  closely  spaced  in  this  part 
of  the  section,  indicating  a  higher  velocity  of  flov  (assuming  constant  trans- 
missibility) ,  than  in  the  eastern  part  of  the  cross  section.  A  lysimeter  has 
been  proposed  for  placement  near  bore  hole  47.  If  this  system  vas  placed  near 
the  location  of  bore  holt  45,  the  increased  velocity  effect  as  veil  as  stratifi¬ 
cation  could  be  evaluated. 

h.  Besides  the  above  data  these  cross  sections  shov  the  bedrock  configura¬ 
tion  vith  sufficient  accuracy  to  establish  cost  estimates  for  barriers  placed 


k 


at  these  sections.  These  cross  sections  can  also  be  used  to  compute  section 
areas,  ground  vater  velocity,  and  ground  vater  discharge  rates. 

I 

5.  Conclusions 

a.  All  drilling  done  at  RMA  should  be  accurately  logged,  especially 
the  bedrock  conditions.  This  logging  is  being  done  for  the  SGO  drilling 
program  and  should  be  continued  vhen  the  comprehensive  drilling  work  is 

done.  | 

b.  Data  bearing  on  ground  vater  flow  conditions  under  Basins  C,  D,  E, 
and  F.  should  be  assembled  and  correlated  to  more  accurately  determine  how 
the  ground  vater  flow  from  3asin  A  distributes  to  the  north.  These  data 
include  the  depth  to  ground  vater  each  time  a  vater  sample  is  taken  for 

analysis,  the  physical  conditions  of  each  monitor  veil  (i.e.,  depth  of  veil,  ft 

casing  depth,  veil  screen  length  and  depth,  etc),  and  the  vater  monitor  plan 
results.  These  data  are  in  the  process  of  being  gathered.  Computer  simula¬ 
tions  of  flow  is  being  done  by  USGS  and  this  data,  intergated  with  the  chemical 
data,  will  be  useful.  Also  accurate  logging  for  depth  to  vater  and  depth 
to  bedrock  during  the  comprehensive  drilling  program  should  be  done,  especially 
in  the  Basins  area.  ft 

c.  The  monitoring  of  ground  vater  levels  from  the  sampling  veils  as 

veil  as  other  veils  north  of  Upper  Derby  Lake  should  be  done.  At  the  same 
time  the  level  of  Upper  Derby  Lake  should  be  monitored.  Correlation  of  these 
data  would  indicate  how  much  the  ground  vater  system  under  Basin  A  is  being 
recharged  py  Upper  Derby  Lake.  ft 

d.  A  verification  hole  should  be  drilled  500  feet  northeast  of  bore  hole 
39  (Incl  1)  to  determine  if  ground  vater  is  breeching  the  bedrock  high.  This 
hole  should  be  drilled  during  a  period  of  high  ground  water.  If  vater  is  found 
it  should  be  analyzed  under  the  existing  vater  monitoring. plan. 

e.  Position  two  lysimeter  sampling  systems  along  the  north  boundary,  one 
system  near  the  location  of  bore  hole  50  immediately  south  of  the  bog,  and  one 
near  the  location  of  bore  hole  ^5  (Incl  1).  Three  lysimeters  should  be  placed 
at  each  point,  one  near  the  bottom  of  the  aquifer,  one  in  the  middle,  and  one 

at  the  top.  Samples  from  these  lysimeters  should  be  analyzed  under  the  existing  ^ 
water  monitoring  plan .  These  lysimeter  sampling  points  are  currently  being 
considered  in  conjunction  with  other  sampling  points  in  the  RMA  off  post  con¬ 
tamination  plan  revision. 
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(round  Water  Observation  _ ; _ 

CLASSIFICATION  0?  LAYERS 


(v/k  U  4  Hit  M  « w.-  »  •••  •  —  — 

Consul  ting  Soli  Enginocra 


Soil  Doscriotion 
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/y.  6  j  / 0  5  c.  \  ?)  wie  <=/  oi  5~r —  S  / f  &  d  >"/*•  C  ~~  (/■ 
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'■>/,C>  33.6 
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PENETRATION  TEST  RESULTS 


31on  Typo  0;  ,j  _  Plow  |  17 ps  01;’. 

Count  Snoor.  >1  Tooth  Count 


o  Ion  1,7 po  ox' 
Count  Sdooci 


.  -  ?"n .H .Sol Lt  Spoon  SUirvplc.  C 


California  Spoon.  S.T.  -  Sholby  Tubo 


I 


YOI'SO  l  L  Q./iu-  5rt'*'Q'7  -  J~/>  Tc, 


AS  I'M  ALT,  CONCRETE 


Trm 

jllD 

»  gg  i'ILL  -  clay,  s  a nd  v  cd-r-d-e-;^ — f—ir)-; — rTrrir—r— ^-*4— ■■*  r  ~>r  b  f  Q 
55  □ 


C  L  AV ,  s  andy  ,  silly,  very  soft,  very  noist,  vet,  brown _ 

C I. A V ,  sandy,  .silty,  rnediur.  stiff.  It.,  nod.,  very  noist,  wet, 


brown 


*) 

■y)  FT 


/V  eJ  ST' f-i 

CLAY,  sandy  to  very  sandy,  silty,  verv  extrcncly  stiff,  It./#  red 

-r**~ — 

verv  moistvywer,  brown  -  qj/  cr^c,.  _ 

-  a  ;  ~zr= 

C  L  A  V ,  very  son  dy  to  SAND,  clayey,  soft  to  stiff,  nois  t  brown  , _ 

s<o  'Zv  £-r~ 

occasionally  gravelly _ 

S A.'.' D ,  slightly  silty  to  silty,  po o rly  graded,  firrr^dens  c , _ 

1 1  r.cd/y*"  verv  noist/^wet,  s  or.c  gravel,  -c-obb  1  ;  s 


•sTp 


— m  r/' 

n.' 


ttct-s 


/  W/  .""'-c. . 

AND  S  <AJ  /  TRAVEL,  well  graded,  t 


outc  ,  r.caiun 


dens  6*4  dense , 


1 1  re  d  vc  rv  r,o  i  s  vTfwc  t  ,  s-eH^c  a  a  :■  bd-;  :r-C— D  o  ul  ctt  s  _ ; 

r  a)  /v  o  JT»o  C  & 

CLAY  (severely  weathered  clnvstonej _ very  s ti  ff ,  noist _ 


-0) 

-t)  ||j  CL  AY  ST  ONE 

Vf  hard,  r.o  i  s  t ,  yellow,  brown,  gray-C^^c^ 


BEDROCK  (Shale),  weathered,  firn./llf'ngdiun  hard, #3 


CL AY STONE 


BEDROCK  (Shale),  weathered,  firm,  medium  hard. 


hard,  moist,  yellow,  brown,  gray 


Tl  SANDSTONE 


BEDROCK,  weathered,  nediun  hard,  hard, 


some  pockets  of  cl  ays  tone,  yellow-brown 


•  4) 


1 


SI  LISTON E 


BEDROCK  (Shale),  weathered ,  firm  to 


hard , 


■  S)Q  R/st?  S^a/e  BEDROCK  (Shale)  ,  verv  hard  -c//?> 
l6)g  SANDSTONE"  C  LAYSTCNE  BEDROCK  (Shale),  weathered,  firm,  hard, 
veil ow • brown 
j  EE3  SANDSTONE 


8) 


m 


‘  (cone  I  or.c  rate  BEDROCK 


hard 


job  no.  7 


IF  NO  CONTOURS  ON  SITE  PLAN,  DESCRIBE  TOPOGRAPHY  (I.E.  LEVEL,  SLOPING, 
ROLLING,  HILLY).  INCLUDE  SLOPE  DIRECTION'S),  DESIGNATE  FEATURES  (MILLS, 
GULLIES,  ETC.)  ON  PLAN  Sjop,./y  A//  A) //  I/O'?  fa  T/Q/aJ _ 


l  WHAT  is  PRESENT  USE  Of  SITE?  -JLulJL _ 

5.  TYPE  OF  VEGETATION  ON  SURFACE  C&ASS  -  'U/e<3  c/ 3 
%  ARE  THERE  SHRINKAGE  CRACKS  IN  SURFACE?  AAO  WIDTH 


DEPTH 


5.  IS  THERE  EVIDENCE  OR  HISTORY  OF  CUT  AND/OR  FILL  ON  THE  SITE  (DESIGNATE  ON 
PLAN)?  J/jf *5  Fill  +  CC/T _  _  _  -  - 


_  i 

5.  DEPTH  OF  TOPSOIL  (USE  SHOVEL  TO  CETE.RMINE)  0.3  7o  a>  ' _ ___ 

7,  ARE  THERE  ANY  PONDS,  CREEKS,  SEEPS,  IRRIGATION  DITCHES,  OR  OTHER  EVIDENCE 

OF  WATER  (DESIGNATE  ON  PLAN,  GET  EL  EVAT I  QMS )  —  Q  Tge/?  + 

8,  ARE  THERE  ANY  ROCK  OUT  CROPS  T/t^ES  I  ON  ATE  ON  SITE  PLAN,  BRINS  SAMPLE  TO  LAS.'! 

9,  ARE  THERE  COBBLES  AND/OR  BOULDERS  A’  SURFACE  (DESIGNATE  AREAS  ON  SITE 

PLAN)?  AA6 _ _ 

DESCRI 3E  ANY  EXISTING  BUILDINGS,  BASEMENTS  OR  EXCAVATIONS  ON  SITE  OR  AO-  . 
JACENT  TO  IT,  EXCLUDING  T Y Pc  OF  FOUNDATION  AND  LOADING,  IF  AVAILABLE.  __ 

P/A  /v*  ~T  /c/ ;  r]  c  S _ _ _ ; _ 

C 


1,  ARE  EXISTING  BUILDINGS  IN  NEIGHBORHOOD  CAMAGES  FROM  FOUNDATION  MOVEMENT? 

IF  YES,  GIVE  ADDRESS  AND/OR  LOCATION.  aAC _ 

2.  V.’OULO  HOLES  STA.NO  OPEN  FOR  DRILLED  PIERS?  A  AO  APPROX  I MATELY  HOW  DEE2 3 * 5 6? 

-  FOR  BELLED  PIERS?  ACS  AT  WHAT  DEPTH  /A/  C.A~ _ 


3.  WERE  HOLES  LEFT  OPEN? 


WHY?  £<. 


«♦.  WOULD  YOU  RE CCM.’-'ENO  TAKING  ADDITIONAL  WATER-TABLE  MEASUREMENTS? 

5.  /OATE  DRILLING  WAS  COMPLETED  /O  -30-25" _ _ 

6.  WERE  LOCAL  ENGINEER  AND  ARCHITECTS  CONTACTED?  (IF  OUT  OF  TOWN) 
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'*oa  fJ0  •  — ^  :  -2 £ 7 _  CHECKED  BY*  CTo 

*  FROM  FIELD  ENGINEERS  DRILL  LOGS 
<x  GROUND  SURFACE  TO  ’.VAT E R / M'.'O/DRY  BOTTOM 

'***  '  •  —  •■“•*■  •  ~  -rr  •  •  •  OClMOk't 


V  Y  M  I  L  I  \  I  /-A 
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V.  3  c  R 


hole  depth  to 

DEPTH*  WATER** 


DEPTH  TO  I  DEPTH  TO** 
MUD**  !  DRY  BOTTOM 


REMARKS 


108  NO 


A'/  -D  ' 


/a,0  c  si  ’jfn 


CHECKED  BY: 


4  FROM  FIELD  ENGINEERS  ORILL  LOGS 
*  GROUND  SURFACE  TO  WATER  /M'JO/DRY  80TT0M 
)TE  :  IF  HOLE  IS  CAVED,  INDICATE  IN  REMARKS 


WAItK 

1  AbLL 

DATE  :  /?-?- 

fc 

W 

MOLE  HOLE  DEPTH  TO  DEPTH  TO  DEPTH  TO** 

v<3ER  DEPTH*  WATER**  MUD**  DRY  BOTTOM  REMARKS 


CROSS  SECTION  S-S' 
SCALE:  HORZ:  1"  =  530' 
VERT:  1"  =  20' 

V.  E.  =  10X 

FOR  LOCATION  SEE  INCL  I 


CROSS  SECTION  Q  .  Q' 
SCALE:  HORZ:  V  -  200* 
VERT:  V  -  1 0' 

V.  E.  =  20X 

FOR  LOCATION  SEE  INCL  1 


VATION  ABOVE  MEAN  SEA  LEVEL  (FT) 


/ 

LAND  SURFACE 


GROUND  WATER 
TABLE 


CROSS  SECTIOI 
SCALE:  HORZ 
VERT 
V.  E. 
FOR  LOCATIO 


(7)  LAND  SURFACE 
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1  MILE 
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08SERVED  AREA  OF  CHLORIDE  CONTAMINATION  IN  1956 
(AFTER  KONIKOW,  1975) 


